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Abstract 
Background: China has one of the highest suicide rates in the world; however, the 
recent trends in suicide have not been adequately studied. This study aimed to 
examine the potential changes in the rates and characteristics in a Chinese population.  
Methods: Data on suicide deaths in 1991-2010 were extracted from the Shandong 
Disease Surveillance Point (DSP) mortality dataset based on ICD-10 codes. The 
temporal trend in age-adjusted suicide rates for each subpopulation was tested using 
log-linear Poisson regression analysis.  
Results: From 1991 to 2010, there was a marked decrease in the overall suicide rate in 
Shandong, with an average reduction of 8% per year. The decrease trend was stronger 
in rural than in urban areas and more evident in females than in males. Similar 
decreases were observed for all age groups. Pesticide ingestion and hanging remained 
the top two methods for suicide.  
Limitations: There are likely quality concerns in the morality data, such as 
underreporting and misclassification, as well as low accuracy in determining the 
underlying causes of deaths. The representativeness of the DSP system may also be 
problematic due to the rapid changes in economy and demography.  
Conclusions: Completed suicides in Shandong have sharply declined over the past 20 
years. Higher rates in females versus males and in rural versus urban areas, which 
were previously considered to be distinguishing features of suicide in China, are 
becoming less pronounced.  
Keywords: suicide, mortality, trend, gender ratio, China 
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1. Introduction 
Suicide is a major public health problem worldwide which claims approximately 
one million premature deaths each year, or one death every 30-40 seconds (WHO 
2002). Suicide in China has attracted increasing attention in recent years, especially 
since the publication of ―Suicide rates in China, 1995-99‖ in The Lancet by Phillips 
and colleagues in 2002 (Phillips, Li, and Zhang 2002). Largely based on mortality 
data from late 1990s, China is widely recognized to have one of the highest suicide 
rates in the world (WHO 2011). Many important features of suicide in China have 
also been identified (Phillips et al. 2002; Yang et al. 2005b), with perhaps the most 
distinguished one being the considerably higher female-male ratio of completed 
suicides, which contradicts the approximately 2:1 male-female ratio typically 
observed in the rest of the world (Gunnell 2000; Hawton, and van Heeringen 2009; 
Phillips et al. 2002). In addition, China also has substantially higher rates of suicide in 
rural versus urban communities, and self-poisoning with pesticides is one of the most 
common suicide methods (Phillips et al. 2002; Yang et al. 2005b).  
Unlike the increasing trend in suicide rates observed in many East Asian societies 
(Abe, Tarumi, and Hagihara 2007; Kwon, Chun, and Cho 2009; Lu, and Lin 2008; 
Tsai, and Cho 2011), mainland China has experienced a steady decline in the overall 
suicide rate since the early 1990s (Phillips 2004; Yip et al. 2005). The national rates 
continued to decline into the 2000s. According to national data from the Disease 
Surveillance Point (DSP) system, the annual mortality rate due to suicide has been 
reduced to 9 – 12.5 per 100,000 persons in the years 2005-2009 (Chinese CDC 2010a, 
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2010b, 2010c, 2010d, 2011), which is roughly half of the rate (23 per 100,000 persons) 
in late 1990s (Phillips et al. 2002). The decreasing trend in the overall suicide rate in 
China appears to be well-established in the literature. However, it is unclear whether 
certain distinguishing features of suicide in China, such as the higher female-male 
ratio and the large rural-urban gap, have remained constant over this time period. In 
examining the suicide rates in the 1990s, Yip et al (2005) observed a significant 
increase in the male-female ratio and predicted that the male rates would soon surpass 
the female rates. However, this prediction has not been well justified by the most 
recent data.  
There is considerable variation across provinces in terms of the rates and 
characteristics of suicide in China (Yang et al., 2004), and thus it is necessary to 
examine the trend of suicide rates at the regional level to implement 
locally-appropriate prevention strategies. Shandong is one of the most populous 
provinces in China, situated on the eastern coast of the country, with a population of 
94.7 million in 2009 (Shandong Provincial Bureau of Statistics 2010). Similar to 
findings from the national data, Shandong has also witnessed decreases in suicide 
rates in recent decades (Sun et al. 2011; Zhang et al. 2010). However, because none of 
the previous analyses have comprehensively examined the trends in suicide rates in 
relation to demographics (gender, age, and rural versus urban area) and suicide 
method, it is not clear whether the potential decreasing trend holds true when these 
factors are taken into account. Further, it is unknown whether the aforementioned 
important features in Chinese suicide remain valid at the provincial level.  
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This study examined the temporal trends in suicide rates over the past two 
decades in Shandong while taking into account demographic variations (gender, age 
and rural versus urban area) and methods of suicide. Based on previous research (Sun 
et al. 2011; Yip, and Liu 2006; Yip et al. 2005; Zhang et al. 2010), we hypothesised 
that the suicide rates in Shandong have decreased even after controlling for 
demographic characteristics and suicide method and that the features of suicide, such 
as the higher male-female ratio and rural-urban ratio have also changed since the 
1990s.  
2. Methods 
2.1. Data Source  
Data on suicide deaths were extracted from the mortality database of the 
Shandong DSP system provided by the Shandong Provincial Center for Disease 
Control and Prevention (CDC). Official population data originally obtained from the 
Shandong Statistics Bureau were also provided by the Shandong CDC and were used 
in the calculation of suicide rates.  
The Shandong DSP system was established in early 1980s and presently consists 
of 19 county-level data collection sites. The catchment population of each site 
underwent an expansion in 2006 — from a few selected townships or suburbs to the 
whole county/district — to increase representativeness of the whole system while 
maintaining continuity. Accordingly, the catchment population of the Shandong DSP 
system increased from about 2 million to approximately 12 million (13% of the total 
population in the province) in the years 2006-2010. This system is the only 
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provincially- representative death reporting and registration system in Shandong, 
managed by the Shandong CDC. Currently 9 counties or districts in this system also 
provide data for the China National DSP system. The system functions in accordance 
with the national protocol (Yang et al. 2005a). Causes of deaths are mainly recorded 
or investigated by physicians or public health workers at the primary health sector. 
Similar to all-cause deaths, the majority of suicide deaths (about 80% in this study) 
occur at home without the presence of a physician. The causes of these deaths are thus 
retrospectively investigated (verbal autopsy method) based on family report or/and 
clinical documentations by the investigator.   
Suicide data were stratified by year (1991-2010), area (urban/rural), gender, age 
group (15-34, 34-54, 54-64 and 65 years or above) and method of suicide (see Section 
2.2). Urban area was defined as urban districts of large cities and the city suburbs in 
small cities or counties. Rural area was defined as rural townships (A township is 
generally made up of one town and 20-50 villages). The proportion of urban residents 
in the DSP system has been continuously growing from about 15% in early 1990s to 
nearly 40% in late 2000s. Because suicides in children under 15 years are rare, these 
deaths were not used in the by-age-group analysis.  
2.2. Categorization of suicide methods 
Electronic records of suicide methods have been available since 2004. Based on 
the 10th revision of the International Classification of Diseases and Related Health 
Problems (ICD-10) (WHO 1994), methods of suicide were categorized into pesticide 
poisoning (X68), hanging (X70), other forms of self-poisoning (including medication 
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overdose, X60-64;, alcohol use, X65; and self-poisoning using other toxins, X66-67 
and X69), and all other methods combined (including drowning, X71; fire use, X76; 
jumping, X80; stabbing/cutting, X78; other methods, X72-75, X77, X79 and X81-83; 
and methods unspecified, X84).  
2.3. Statistical Analysis 
All analyses were conducted using Stata, version SE 11.0 (StataCorp LP, College 
Station, TX, USA). Suicide rates (per 100,000 person-years) for 1-year and 5-year 
periods by area and gender were reported. Age-adjusted mortality rates were 
calculated using the 2010 Chinese standard population. 
Temporal trends in age-adjusted suicide rates for each area-, gender-, and 
method-specific subpopulation and in suicide rates by major age group were 
examined using log-linear Poisson regression analysis with the calendar year as 
independent variable, which models counts of suicide offset by population. The 
models were tested using Wald Chi-square tests. The temporal trends were expressed 
as incidence rate ratios (IRRs), with an IRR < 1 indicating a decreasing trend and an 
IRR > 1 indicating an increasing trend. If the 95% confidence intervals (CIs) of IRRs 
did not overlap, then the difference between the trends was considered to be 
statistically significant at the level of α=0.05 (two-sided). In all Poisson regression 
models, the standard errors were scaled using square root of deviance-based 
dispersion due to overdispersion in the data (i.e. the values of Pearson Chi-square and 
deviance divided by the degrees of freedom were significantly larger than 1) (Hardin, 
and Hilbe 2007).  
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The temporal tends in proportion or ratios, including the proportion of suicides 
among all deaths, gender and rural-urban ratio in age-adjusted suicide rates were 
tested using linear regression models with regression coefficients (Bs) and their 
95%CIs being reported. 
A series of sensitivity analyses were conducted to examine the potential effects of 
underreporting, misclassification and the expansion of the DSP system since 2006 on 
our key findings. First, the official annual death rates published by the Shandong 
Bureau of Statistics [27] were used to estimate the underreporting (or over-reporting) 
rates in suicide deaths in the DSP system. Specifically, the ratio between the official 
death rate and our all-cause death rate for each year were employed to adjust our 
suicide rates. As the Bureau publishes all-cause death rates only, this analysis can only 
examine the potential effect of underreporting (compared to the official data) on the 
overall trend in suicides. Second, some suicide deaths may be misclassified as injury 
deaths with intention unspecified due to various reasons. Therefore we performed a 
sensitivity analysis using combined data for certified suicides and injury deaths with 
intention unspecified. Third, to assess the influence of the change in DSP catchment 
area, we carried out another sensitivity analysis using data from original catchment 
area only. Data in 1991-2005 was unchanged in this analysis as the expansion of the 
DSP system occurred in 2006. 
2.4. Ethical considerations 
The routinely collected data used in this analysis were aggregated and included 
no personal identifying information. Permission to use the data was provided by the 
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data custodian, Shandong Provincial Center for Disease Control and Prevention, to 
which the authors affiliate. Ethics approval was not necessary for this analysis. 
3. Results 
3.1. Overall trends 
During the years 1991 to 2010, the age-adjusted suicide rate varied from 12.41 to 
37.51 per 100,000 persons. There was a significant decline over this period, with an 
average annual decrease of 8% per year (IRR= 0.921; 95%CI: 0.919-0.924, p < .001). 
The proportion of suicides among all deaths has also decreased from 7.4% in 1991 to 
2.4% in 2009-2010 (B=-0.21, 95%CI: -0.26 to -0.17, p < .001).  
Significant decreasing trends in suicide rates were also observed for males (IRR= 
0.927; 95%CI: 0.924-0.930, p < .001) and females (IRR= 0.915; 95%CI: 0.912-0.918, 
p < .001), and in both urban (IRR= 0.964; 95%CI: 0.954-0.974, p < .001) and rural 
areas (IRR= 0.931; 95%CI: 0.928-0.933, p < .001). Based on the confidence intervals, 
it can be seen that the decreases were significantly larger in females versus in males, 
and in rural versus urban areas. 
The number of suicide deaths, crude and age-adjusted suicide rates for each 
five-year period by area and gender are displayed in Table 1. Compared to the rates in 
the first 5-year period (1991-1995), the age-adjusted rates in 2006-2010 declined by 
67% (from 35.8 to 11.7 per 100,000 persons) among males and 73% (from 36.7 to 
10.0) among females, and by 36% (from 6.3 to 4.0) in urban areas and 66% (from 
43.1 to 14.8) in rural areas (Table 1). For all periods, the rural rates were at least 3.7 
times as high as the urban rates; except for the first 5-year period, all male rates were 
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slightly higher than female rates (Table 1). 
3.2. Specific trends for subpopulations 
The results of Poisson regression for each area-, gender- and age-subpopulation 
are presented in Table 2. Significant decreases were observed in almost all 
subpopulations. In both urban and rural areas, the younger age-groups (15-34 and 
35-49 years) achieved larger decreases than did older groups. The decrease in people 
aged 15-34 years in urban area was markedly higher (8%) in males than in females 
(5%). For all other age groups in either area, the magnitude of decreases was similar 
across genders (Table 2). 
The temporal trends in age-adjusted annual rates by area and gender are 
illustrated in Figure 1. Greater reductions occurred in rural rates compared to urban 
rates, and the large rural-urban gap was closing over the past 20 years. Specific trends 
for major age-groups by area and gender are shown in Figures 2 and 3. In general, the 
linear trends were stronger in rural than in urban area for all age groups. 
3.3. Specific trends by suicide method 
The age-adjusted suicide rates by location and method in the years 2004-2010 are 
presented in Table 3. Over this period, the suicide rates in rural areas slightly but 
significantly decreased (IRR=0.982; 95%CI: 0.968 - 0.995, p=.009) while the rates in 
urban areas remained largely unchanged. Overall, suicide rates due to pesticide 
self-poisoning (IRR=0.961; 95%CI: 0.943 - 0.979, p < .001), self-poisoning with other 
poisons/drugs (IRR=0.747; 95%CI: 0.712 - 0.784, p < .001) and other methods 
(IRR=0.964; 95%CI: 0.951 - 0.976, p < .001) have undergone significance decreases 
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in Shandong. Suicide rates due to hanging did not change significantly over this 
period of time.  
In urban areas, suicide rates due to pesticide were significantly increasing 
(IRR=1.104; 95%CI: 1.023 - 1.192, p =.011) while the rates for self-poisoning with 
other poisons/drugs (IRR=0.803; 95%CI: 0.691 - 0.934, p =.004) were significantly 
decreasing. In rural areas, suicide rates due to pesticide self-poisoning (IRR=0.977; 
95%CI: 0.959 - 0.997, p=.021) and self-poisoning with other poisons/drugs 
(IRR=0.760; 95%CI: 0.722 - 0.799, p<.001) were declining but the rates for hanging 
were rising (IRR=1.048; 95%CI: 1.024 - 1.073, p<.001).  
3.4. Changes in features of suicide  
During the first 5-year period (1991-1995), the age-adjusted suicide rate among 
females was slightly higher that among males (Table 1), with a male-female ratio of 
0.98:1. However, higher rates in males than in females were observed in the other 
three calendar periods (Table 1). Regression analysis showed that the gender ratio has 
increased gradually with an annual increment of 0.02 (B=0.015, 95%CI: 0.007 – 
0.023, p=.001). This trend was observed only in rural areas (B=0.015, 95%CI: 0.008 – 
0.023, p<.001) but not in urban areas. The male-female ratio in age-adjusted rates has 
increased to 1.16:1 overall, 1.22 in urban areas and 1.15 in rural areas in the latest 
period (2006-2010). Further analysis showed that in rural areas where most suicide 
deaths occurred, the higher female rates was seen only in the youngest age group 
(15-34 years) and only in the 1990s. For all other age groups, however, male suicide 
rates were consistently higher than female rates across calendar time (Figure 3).  
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As shown in Figure 1, there was a clear trend towards a narrower gap in suicide 
rates between rural and urban communities. Overall, the ratio has decreased 
significantly over these years at a high rate (B=-0.204, 95%CI: -0.333 to -0.075, 
p=.004). As shown in Table 1, the rural-urban ratio in age-adjusted suicide rates 
dropped from 6.82 in the first 5-year period (1991-1995) to 3.67 in the most recent 
period (2006-2010).  
Overall, the relative frequency of various suicide methods have remained largely 
unchanged since 2004, with pesticide ingestion being the most common method, 
accounting for 48% of all suicide deaths (range: 34-52%), followed by hanging (mean 
proportion=37%, range: 31-43%). In urban areas, hanging continued to be the leading 
methods despite the significant increase in the rate of pesticide suicides (Table 3). In 
rural areas, however, pesticide self-poisoning remained the top method despite the 
increase in the suicide rate due to hanging (Table 3).  
3.5. Sensitivity analysis  
A series of sensitivity analysis was performed to test the potential effects of 
underreporting, case misclassification and expansion of the DSP system in 2006 on 
the results from the main analysis (Table 4). The all-cause death rates in the DSP 
system were highly consistent with the official data (yearly differences within +/- 
10%). Therefore the overall trend in suicide rates was virtually unchanged after being 
adjusted using the official data (Sensitivity analysis 1). The number of deaths coded as 
―injuries with intention unspecified‖ was small (<5% of all injury deaths in most 
years) and remain relatively consistent over the study period. Despite the change in 
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case definition (sensitivity analysis 2) and size of the DSP system (sensitivity analysis 
3), key findings, including the decreasing trends in age-adjusted suicide rates (with 
larger decrease occurred in rural versus urban areas), the steady increase in the male 
-female ratio and the great drop in the rural/urban ratio, remained similar to the main 
analysis (Table 4).  
4. Discussion 
As expected, suicide rates in Shandong have experienced sharp decreases in the 
past two decades, especially in rural communities. In addition, many important 
features of suicide rates have changed substantially over this time period, including 
the steady increase in the male-female ratio and the closing gap between rural and 
urban areas. Pesticide ingestion continues to be the leading method of suicide, but the 
proportion of hanging suicides is increasing.  
Although previous analyses based on Shandong data have revealed similar trends 
(Sun et al. 2011; Zhang et al. 2010), this is, to date, the most comprehensive 
examination of the temporal trends of suicide rates in this province. To our knowledge, 
the trends in national rates, especially in recent years, have not been adequately 
reported. This may, to some extent, explain the widespread reference to outdated 
sources regarding the rates and characteristics of suicide in China (Cui 2009; WHO 
2011; Zhang 2010). Findings from this study provide more in-depth and accurate 
information regarding the characteristics of Chinese suicide and illustrate changes that 
have occurred in this region during a period of dramatic social and economic reform. 
Our analysis shows the overall suicide rate (per 100,000 person-years) in 
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Shandong Province declined from 35 in 1991-1995, to 26 in late 1990s, 17 in 
2001-2005 and 14 in 1996-2000. The national rate in 1995-1999 was estimated to be 
23 per 100,000 person-years (Phillips et al. 2002). Data from the national DSP system 
shows that the suicide rate ranged from 9 to 12.5 per 100,000 persons in the years 
2005-2009 (Chinese CDC 2010a, 2010b, 2010c, 2010d, 2011). Given the difference in 
data sources and uncertainty in data quality, it is not clear whether Shandong has 
higher suicide rates compared to the rates for the whole China. Nonetheless, the 
reduction in the overall suicide rate from the late 1990s to the late 2000s in Shandong 
(46%) appears to be similar to the reduction (46 - 60%) in national rates.  
There are two possible reasons for the sharp decreases in suicide rates: a 
reduction in the incidence of serious suicide attempts and a decrease in the fatality 
rates after a serious attempt. Psychiatric disorders, in particular affective disorders, are 
associated with most suicide attempts and deaths (Hawton, and van Heeringen 2009). 
However, whether the prevalence of mental illness in China has dropped in recent 
years remains unclear. On the contrary, the prevalence of many disorders, such as 
depression, is likely on the rise corresponding to the more hectic lifestyles of modern 
China (Miller 2006). Rapid economic growth and improved standards of living might 
have solved many issues related to poverty and familial relationships that have been 
linked with suicide in China (Zhang et al. 2010; Yang et al. 2005b). However, this 
contradicts the observation of almost unchanged urban rates as economic 
development seems to be more evident in urban areas (Sicular et al. 2007). 
Additionally, whether the rising economy has translated to higher levels of happiness 
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and life satisfaction is questionable in the Chinese society (Brockmann et al. 2009).  
Eddleston (2006) argues that the high suicide rate in China and some other 
countries is unlikely due to a higher incidence of suicide attempts, but rather to a 
higher lethality of self-harm acts. Yang (2005b) also maintains that one-third of 
individuals attempting suicide in China would have survived had less lethal methods 
been employed and the resuscitation services been better. Therefore, improvement in 
medical services in recent years might have led to a reduced fatality rate and, in turn, 
reduced number of suicide deaths. Along with rapid economic growth, emergency 
medical services and transportation conditions in rural areas have improved 
dramatically over the past 20 years. However, there has been little attempt to explore 
the potential role of emergency service in suicide prevention in China.  
Restricting access to lethal suicide methods is one of the most effective suicide 
prevention strategies (Mann et al. 2005). Given the large proportion of suicides due to 
pesticide self-ingestion in China, the fall in the overall suicide rate may have, to some 
extent, been attributable to a reduced availability of highly toxic pesticide products in 
households. In recent years in China, many lethal pesticides have been banned for use 
in agriculture by law, and the management of pesticides at the household level is 
thought to have significantly improved through either public health education or 
increased self-awareness. Especially in rural communities where pesticides are 
commonly used in farming activities, the reduced availability of pesticide use may 
have prevented some suicide attempts, and the reduced toxicity of pesticides in recent 
years may have led to increased resuscitation rates after these attempts. However, 
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these proposed links need to be scientifically explored in future research. Despite 
decreasing rates, pesticide self-poisoning remains the leading method of suicide in 
Shandong, China, claiming approximately half of all lives lost to suicide. Clearly, 
more attention should be paid to this preventable cause of death in both policy and 
medical research. 
Although the rural-urban gap in suicide rates is closing, the overall suicide rate in 
rural communities remains nearly four times the rate in urban area (Table 1); thus 
rural areas should continue to be the major setting for suicide prevention in China. 
Additionally, given the relatively small reduction in older suicide rates, the relative 
contribution of these deaths to the overall suicide rates is increasing. In late 2000s in 
Shandong DSP system, people aged 65 years and older had a 5 times greater risk for 
suicide than the general population and a nearly 15-times greater risk than people ages 
15-34 years, suggesting that particular focus is needed on suicide research and 
prevention among older persons in China. 
China has been witnessing strong urbanisation over the past decades. According 
to census data, the proportion of residents living in urban/town communities has risen 
from 26% in 1990 to 50% in 2010 (National Bureau of Statistics 2011). A similar 
change was also observed in the Shandong DSP catchment population, with the urban 
fraction mounting from 15% in early 1990s to 40% in 2010. The disparities in these 
proportions between national levels and Shandong data are likely to be caused by 
differences in classification. The method we used to define urban and rural areas in 
this study is slightly different from the official approach, in which towns (the centre of 
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a township) are also considered as urban in addition to urban districts and suburbs. In 
our DSP system, although deaths are collected with detailed residence information, 
population data are collected only at the township (one town plus 20-50 villages) / 
suburb or above level. It is thus very difficult for us to perform analysis exactly 
following the official classification. However, the proportion of these people is small 
(about 10% of our rural population) and therefore the difference in classification is 
unlikely to have a significant influence on our results. 
The rapid urbanisation may have played a role in altering the pattern of suicide 
deaths in China. On the one hand, the increasing number of originally rural people in 
urban communities may have increased urban suicide rates because of the much 
higher rates in rural population. We found an increasing trend in pesticide suicides in 
urban areas in recent years. It is likely a consequence of the change of population 
composition rather than a real shift in the population choice of suicide method, as this 
method has been predominantly used in rural farming communities presumably due to 
its wide-spread availability. On the other hand, urbanisation may be associated with a 
larger reduction in suicide deaths overall as more people now have better access to 
health services which are usually centered in urban areas.  
Urbanisation may also bring obstacles to mortality surveillance and registration. 
Due to the high mobility in migrant population in urban areas, the rate of 
underreporting may be higher in urban than in rural areas, especially in recent years. 
Similar to many other registry systems in China, our DSP system has been based on 
the registered population (rather than current residence population). Many temporary 
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migrants living in urban communities are still registered in their original residence 
and are thus included in our system as rural residents. This has a potential negative 
effect on the timeliness and accuracy of our mortality data. However, this is also true 
in the official statistics. Along with the reform in residence registry (Hukou system), a 
shift from registered to actual residence population in our surveillance systems is 
envisaged in the near future. Due to this limitation, we are unable to detect the 
differences in suicide rates and other health problems between temperate migrant 
population and their counterparts in their current and registered residences. 
Mortality data for suicide in China has been suffering from many data quality 
issues, such as underreporting and misclassification. Underreporting has been a 
common problem in the DSP mortality data in China (Phillips et al. 2002 ). 
Additionally, misclassification may occur due to difficulties in determining the 
underlying causes of death. For example, in our data, about 80% of all suicide deaths 
occurred at home or in other places apart from a health facility, and thus it is difficult 
to identify the intention of the individual (i.e., suicide versus accidental death) without 
official coroner investigation. It is therefore assumed that some suicides may be 
reported as ―injury deaths with intention unspecified‖. However, our sensitivity 
analysis showed that the all-cause mortality rates in the Shandong DSP system were 
highly consistent with the official data, indicating minimal changes in underreporting 
rates over time. Further, the number of deaths coded as injuries with intention 
unspecified was small and remain largely unchanged over the study period. Our key 
findings, including the decreasing trends in age-adjusted suicide rates (with larger 
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decrease occurred in rural versus urban areas), the steady increase in the gender ratio 
and the large decrease in the rural/urban ratio, are therefore unlikely to be influenced 
by these data quality concerns, including underreporting, misclassification and change 
of the DSP catchment area (in 2006). 
The reason for the smaller decrease in urban versus rural areas is unclear. One 
possible explanation is that urban rates of suicide in China have already been among 
the lowest rates in the world (similar to the rates in developed countries) (Levi et al. 
2003; WHO 2011), and thus there is less potential for these rates to decline further 
even with additional improvements to the economy and to medical services. In 
addition, the benefits of advancement in emergency medical services may be more 
evident in rural areas as such resources were previously unavailable. Nevertheless, 
trends in suicide in urban areas have had little effect on the overall trend in suicide in 
China because the vast majority of suicide deaths (95% in this study) occurred in rural 
areas, similar to the national level where 93% of all suicides occurred in rural 
residents between 1995 and 1999 (Phillips et al. 2002).  
There are additional limitations pertaining to the data source that may affect the 
generalisability of the findings in this analysis. First, as mentioned earlier, most 
suicide deaths occurred at home versus other places, and the cause of death was 
determined mainly by family report. In some cases, family members may be reluctant 
to disclose the real intention of the incident for fear of social stigma and report the 
death as accidental. Nonetheless, this should not have a significant effect on the trend 
analysis because this culture-related factor is unlikely to have changed greatly over 
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past the two decades. Second, although the DSP system data were representative of 
the general population at the time it was established, considering the large population 
of the province (nearly 100 million residents) and the rapid changes in economy and 
demography in recent years, whether the system is representative of the current 
population in Shandong needs to be further evaluated. Third, because data on suicide 
methods have only become available in recent years, we were unable to examine 
trends in less commonly-used suicide methods.  
Largely consistent with national data (Chinese CDC 2010a, 2010b, 2010c, 2010d, 
2011; Wang et al. 2008; Yip et al. 2005), this study shows a marked decrease in 
suicide rates in Shandong, China, over the past 20 years. Some distinguishing features 
of suicide in China, such as the higher rates among females versus males and in rural 
versus urban areas, appear to have becoming less pronounced since the 1990s. These 
findings suggest an urgent need to update existing knowledge about Chinese suicide 
among international bodies, such as the WHO, and among professionals worldwide. 
However, compared with patterns of suicide observed in many other countries, the 
female-male and rural-urban ratios remain high in China. The reasons for these 
discrepancies remain unanswered, which seems to result from a reduced number of 
suicide attempts and increased survival rate among those who attempt. Nonfatal 
suicide attempts have been an understudied area of suicide research in China. A 
surveillance system involving both medically-identified suicide attempts and suicide 
deaths may provide more in-depth information on the underlying reasons for the 
change in suicide rates and may aid in suicide prevention. 
21 
 
References 
Abe, T., K. Tarumi, and A. Hagihara. 2007. ―Media suicide-reports, Internet use and 
the occurrence of suicides between 1987 and 2005 in Japan.‖ BMC Public Health 7(1): 
321-21. 
Brockmann, H., J. Delhey, C. Welzel, and H. Yuan. 2009. ―The China Puzzle: Falling 
Happiness in a Rising Economy.‖ JOURNAL OF HAPPINESS STUDIES 10(4): 
387-405. 
Chinese CDC. 2010a. Chinese DSP system mortality data 2005. Beijing: Jun Shi Yi 
Xue Chu Ban She. 
Chinese CDC. 2010b. Chinese DSP system mortality data 2006. Beijing: Jun Shi Yi 
Xue Chu Ban She. 
Chinese CDC. 2010c. Chinese DSP system mortality data 2007. Beijing: People’s 
Medical Publishing House. 
Chinese CDC. 2010d. Chinese DSP system mortality data 2008. Beijing: People’s 
Medical Publishing House. 
Chinese CDC. 2011. ―Chinese DSP system mortality data 2009 report (unpublished 
report).‖ Chinese CDC. 
Cui, W. Y. 2009. ―Women and suicide in rural China.‖ Bulletin of the World Health 
Organization 87(12): 888-89. 
Eddleston, M. and D. Gunnell. 2006. ―Why suicide rates are high in China.‖ Science 
311(5768): 1711-13. 
Gunnell, D. J. 2000. ―The epidemiology of suicide.‖ International Review of 
Psychiatry 12(1): 21-26. 
Hardin, J. W. and J. M. Hilbe. 2007. Generalized Linear Models and Extensions, 2nd 
Edition: College Station, Taxas, USA: Stata Press. 
Hawton, K. and K. van Heeringen. 2009. ―Suicide.‖ Lancet 373(9672): 1372-81. 
22 
 
Kwon, J.-W., H. Chun, and S.-i. Cho. 2009. ―A closer look at the increase in suicide 
rates in South Korea from 1986-2005.‖ BMC Public Health 9(1): 72-72. 
Levi, F., C. La Vecchia, F. Lucchini, E. Negri, S. Saxena, P. K. Maulik, and B. 
Saraceno. 2003. ―Trends in mortality from suicide, 1965–99.‖ Acta Psychiatrica 
Scandinavica 108(5): 341-49. 
Lu, T.-H. and J.-J. Lin. 2008. ―Suicide mortality trends by sex, age and method in 
Taiwan, 1971–2005.‖ BMC Public Health 8(1): 6-6. 
Mann, J. J., A. Apter, J. Bertolote, A. Beautrais, D. Currier, A. Haas, U. Hegerl, J. 
Lonnqvist, K. Malone, A. Marusic, L. Mehlum, G. Patton, M. Phillips, W. Rutz, Z. 
Rihmer, A. Schmidtke, D. Shaffer, M. Silverman, Y. Takahashi, A. Varnik, D. 
Wasserman, P. Yip, and H. Hendin. 2005. ―Suicide Prevention Strategies.‖ JAMA: The 
Journal of the American Medical Association 294(16): 2064-74. 
Miller, G. 2006. ―China: Healing the Metaphorical Heart.‖ Science 311(5760): 462-63. 
National Bureau of Statistics. 2011. ―2010 Sixth National Population Census Data 
Gazette (No. 1) ‖. 
Phillips, M. 2004. ―Suicide in China:current status and suggestions for future work.‖ 
Chin J Epidemiol 25(4): 277-79. 
Phillips, M., X. Li, and Y. Zhang. 2002. ―Suicide rates in China, 1995-99.‖ Lancet 359: 
835 - 40. 
Shandong Provincial Bureau of Statistics. 2010. 2010 Shandong Statistical Yearbook: 
China Statistics Press  
Sicular, T., Y. Ximing, B. Gustafsson, and L. Shi. 2007. ―The Urban-Rural Income 
Gap and Inequality in China.‖ Review of Income and Wealth 53(1): 93-126. 
Sun, J., X. Guo, J. Ma, J. Zhang, C. Jia, and A. Xu. 2011. ―Seasonality of suicide in 
Shandong China, 1991–2009: Associations with gender, age, area and methods of 
suicide.‖ Journal of Affective Disorders 135(1-3): 258-66. 
Tsai, J. F. and W. C. Cho. 2011. ―The secular trend of suicide rate and the 
23 
 
socio-economic, media, and climatic factors in Taiwan, 1976-2009: A 
population-based study.‖ Journal of Affective Disorders 129(1-3): 270-74. 
Wang, S. Y., Y. H. Li, G. B. Chi, S. Y. Xiao, J. Ozanne-Smith, M. Stevenson, and M. R. 
Phillips. 2008. ―Health System Reform in China 4 Injury-related fatalities in China: 
an under-recognised public-health problem.‖ Lancet 372(9651): 1765-73. 
WHO. 1994. ICD 10: International statistical classification of diseases and related 
health problems (Tenth Revisions): Geneva: World Health Organization. 
WHO. 2002. World report on violence and health: Geneva: World Health 
Organization. 
WHO. 2011. "Suicide prevention (SUPRE)" [accessed on 2 Jun 2011, 2011]. 
Available at: http://www.who.int/mental_health/prevention/suicide/suicideprevent/en/. 
Yang, G., J. Hu, K. Rao, J. Ma, C. Rao, and A. Lopez. 2005a. ―Mortality registration 
and surveillance in China: History, current situation and challenges.‖ Population 
Health Metrics 3(1): 3. 
Yang, G. H., M. R. Phillips, M. G. Zhou, L. J. Wang, Y. P. Zhang, and D. Xu. 2005b. 
―Understanding the unique characteristics of suicide in Cina: National psychological 
autopsy study.‖ Biomedical and Environmental Sciences 18(6): 379-89. 
Yip, P. S. F. and K. Y. Liu. 2006. ―The ecological fallacy and the gender ratio of 
suicide in China.‖ British Journal of Psychiatry 189: 465-66. 
Yip, P. S. F., K. Y. Liu, J. Hu, and X. M. Song. 2005. ―Suicide rates in China during a 
decade of rapid social changes.‖ Social Psychiatry and Psychiatric Epidemiology 40: 
792-98. 
Zhang, J. 2010. ―Marriage and Suicide among Chinese Rural Young Women.‖ Social 
Forces 89(1): 311-26. 
Zhang, J., J. Ma, C. Jia, J. Sun, X. Guo, A. Xu, and W. Li. 2010. ―Economic growth 
and suicide rate changes: A case in China from 1982 to 2005.‖ European Psychiatry 
25(3): 159-63. 
 
Acknowledgements 
Permission to use the mortality data in this analysis was given by the Chronic Disease 
Division of Shandong Provincial Center of Disease Control and Prevention (CDC). The 
authors thank Mr. Daniel Francis (Acting Director, Epidemiology Team, Central Regional 
Services, Queensland Health, Australia) for his assistance in the proof-reading of the 
manuscript. We would also like to thank the two anonymous reviewers for their comments 
that helped improve the manuscript significantly. 
 
 
Acknowledgement
1 
 
Table 1 
Suicide deaths, crude mortality rates (per 100,000 person-years) and age-adjusted 
mortality rates (per 100,000 person-years) for 5-year periods by area and gender in 
the Shandong DSP system, 1991-2010 
 Urban  Rural   Overall   
 Male Female Both Male Female Both Male Female Both 
1991-1995          
Suicide deaths 67 65 132 2025 2059 4084 2092 2124 4216 
Suicide rate  6.58 6.88 6.62 39.26 40.75 40.02 33.90 35.48 34.69 
Age-adjusted 
rate 
a
 5.91 6.78 6.31 42.86 43.27 43.06 35.78 36.66 36.22 
1996-2000          
Suicide deaths 86 64 150 1017 923 1940 1103 987 2090 
Suicide rate  8.82 6.87 7.71 32.04 30.28 31.16 26.59 24.77 25.69 
Age-adjusted 
rate 
a
 7.89 6.16 7.19 33.14 31.68 32.37 26.41 25.04 25.76 
2001-2005          
Suicide deaths 62 40 102 754 591 1345 816 631 1447 
Suicide rate  5.87 3.97 4.95 23.55 18.99 21.24 19.19 15.42 17.31 
Age-adjusted 
rate 
a
 4.95 3.38 4.06 20.14 16.76 18.53 16.27 13.58 15.00 
2006-2010          
Suicide deaths 633 497 1130 3932 3213 7145 4565 3710 8275 
Suicide rate  5.90 4.73 5.32 20.65 17.33 19.00 15.34 12.77 14.06 
Age-adjusted 
rate 
a
 4.44 3.64 4.03 15.80 13.71 14.82 11.67 10.03 10.87 
Note. DSP = Disease Surveillance Point 
a
 Age-adjusted rates were calculated using the 2010 Chinese standard population  
Table(s)
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Table 2 
Age-adjusted suicide rates (per 100,000 person-years) by area and suicide method in 
the Shandong DSP system, 2004-2010 
 
 2004 2005 2006 2007 2008 2009 2010 
Urban        
Pesticide 0.76 0.18 0.78 0.93 0.75 1.52 0.92 
Hanging 0.96 1.43 1.90 1.96 2.31 1.24 1.54 
Other self-poisoning 0.59 0.54 0.33 0.30 0.18 0.11 0.18 
Other methods 0.57 1.25 1.48 0.88 0.95 0.62 1.44 
Rural        
Pesticide 6.38 5.27 9.00 7.77 8.66 6.45 6.38 
Hanging 4.91 4.50 5.08 5.44 5.31 4.99 5.77 
Other self-poisoning 3.93 3.34 1.08 1.32 1.14 0.59 0.55 
Other methods 0.70 1.29 0.50 0.90 0.84 0.63 0.39 
Overall        
Pesticide 4.81 3.86 6.61 5.58 5.76 4.59 4.17 
Hanging 3.83 3.63 4.25 4.37 4.27 3.58 4.02 
Other self-poisoning 3.00 2.54 0.87 1.00 0.79 0.42 0.40 
Other methods 0.67 1.27 0.88 0.92 0.90 0.62 0.75 
Note. DSP = Disease Surveillance Point 
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Table 3 
Incidence rate ratios (IRR) and 95% confidence intervals (CIs) for suicide rates by 
area, gender and age group the Shandong DSP system, 1991-2010 
a 
 Age group     
 15-34 35-49 50-64 65 and above All ages 
b
 
Urban      
Male 0.919 (0.892 - 
0.947) 
***
 
0.927 (0.903 - 
0.952) 
***
 
0.991 (0.961 - 
1.023) 
0.972 (0.946 - 
0.998) 
*
 
0.970 (0.956 - 
0.983) 
***
 
Female 0.948 (0.922 - 
0.976) 
***
 
0.943 (0.920 - 
0.965) 
***
 
0.971 (0.941 - 
1.002) 
0.970 (0.949 - 
0.991) 
**
 
0.957 (0.944 - 
0.971) 
***
 
Both sexes 0.935 (0.916 - 
0.954) 
***
 
0.936 (0.920 - 
0.953) 
***
 
0.982 (0.960 - 
1.003) 
0.971 (0.955 - 
0.988) 
**
 
0.964 (0.954 - 
0.974) 
***
 
Rural      
Male 0.953 (0.946 - 
0.961) 
***
 
0.946 (0.940 - 
0.953) 
***
 
0.965 (0.958 - 
0.973) 
***
 
0.963 (0.957 - 
0.969) 
***
 
0.936 (0.933 - 
0.939) 
***
 
Female 0.946 (0.938 - 
0.954) 
***
 
0.947 (0.939 - 
0.955) 
***
 
0.965 (0.957 - 
0.973) 
***
 
0.959 (0.953 - 
0.965) 
***
 
0.924 (0.921 - 
0.928) 
***
 
Both sexes 0.950 (0.945 - 
0.956) 
***
 
0.947 (0.942 - 
0.952) 
***
 
0.965 (0.960 - 
0.970) 
***
 
0.961 (0.957 - 
0.965) 
***
 
0.931 (0.928 - 
0.933) 
***
 
Note. IRR = Incidence rate ratio; CI = confidence interval; DSP = Disease Surveillance Point 
a 
Poisson regression was conducted for each subgroup. For each model, standard errors were 
scaled using square root of deviance-based dispersion. 
b 
Age-adjusted suicide rates calculated using the 2000 standard Chinese population were used 
for trend analysis 
*
 p < .05; 
**
 p < .01, 
***
 p < .001 (z-tests for IRRs) 
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Table 4 
Results of sensitivity analysis  
 Main analysis Sensitivity 
analysis 1 
a
 
Sensitivity 
analysis 2 
b
 
Sensitivity 
analysis 3 
c
 
Trends in age-adjusted suicide 
rates (IRR and 95%CI) 
d
 
    
Urban 0.964 (0.954 - 
0.974)
 ***
 
NA 0.954 (0.946 - 
0.963)
 ***
 
0.964 (0.950 - 
0.979)
 ***
 
Rural 0.931 (0.928 - 
0.933)
 ***
 
NA 0.929 (0.926 - 
0.931)
 ***
 
0.920 (0.916 - 
0.924)
 ***
 
Overall 0.921 (0.919 - 
0.926)
 ***
 
0.924 (0.922 – 
0.926)
 ***
 
0.920 (0.918 - 
0.922)
 ***
 
0.915 (0.912 - 
0.919)
 ***
 
     
Trends in gender ratios of 
suicide rates (B and 95%CI) 
0.015 (0.007 - 
0.023)
 **
 
NA 0.015 (0.007 - 
0.023)
 **
 
0.016 (0.008 - 
0.025)
 **
 
Trends in rural/urban ratios of 
suicide rates (B and 95%CI) 
-0.204 (-0.333 
to -0.075)
 **
 
NA -0.207 (-0.328 
to -0.087)
 **
 
-0.138 (-0.273 
to -0.003)
 *
 
Notes. IRR = Incidence rate ratio; B = regression coefficient; CI = confidence interval; NA = 
not applicable 
a 
The overall trend in suicide rates was re-tested using data adjusted for under- or 
over-reporting (as compared to the official data). 
b 
Analysis on the trends in suicide rates, gender and rural/urban ratios in suicide rates were 
re-analysed using combined data for certified suicides and injury deaths with intention 
unspecified. 
c 
Analysis on the trends in suicide rates, gender and rural/urban ratios in suicide rates were 
re-analysed using data from the original DSP catchment area (2006-2010 data were different 
from the main analysis while 1991-2005 data remained the same)
 
d
 Standard errors in Poisson regressions were scaled using square root of deviance-based 
dispersion. 
*
 p < .05; 
**
 p < .01, 
***
 p < .001 (tests for IRRs or Bs) 
 
1 
 
Figure 1.  
Area- and gender-specific age-adjusted suicide rates (per 100,000 person-years) in 
the Shandong DSP system, 1991-2010 
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Figure 2 
Gender- and age-specific suicide rates (per 100,000 person-years) in urban areas of 
the Shandong DSP system, 1991-2010 (thick line = men; thin line = women) 
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Figure 3 
Gender- and age-specific suicide rates (per 100,000 person-years) in rural areas of 
the Shandong DSP system, 1991-2010 (thick line = men; thin line = women) 
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